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1.3

1.4

ABSTRACT A
L
UVJV

Summary 20 ¢ 7-77

This report covers all the work done under NASA Contract
NAS-5-3481. The cobjective was to develop a complete line of
precision current limiters in the range 1/32 ampere to 5 am-
peres having a blow time of one (1) second at 200% of rated

current. The work was divided into four main categories:

Preliminary study Development
Evaluyazion testing Establishment - { sra.gards
L R QU 1 N P
Preiiminer: sStody

Treoretical calculations were made to determine what geners!
modifications to current limiter types previously produced

by Microlectron, Inc. would be necessary in order to produce
the kind of limiter required by this contract. Particular at-
tention was paid to an attempt to decrease the resistance of
limiters in each rating category.

Development

Using the overall device designs resulting from the preliminary
study, experimental work was done on each limiter rating to es-
tablish individuasl design requirements for that particulaer rating.
Evalyation Testi

The detailed characteristics of the current limiters were de-
termined from a series of tests: Load Life; Stability; Clear-

ing Time; Momentary Overload; Case Temperature,
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1.5

Establishment of Staadards ;}dwﬁ;b

The production processes deterrined by the development work
were written into the existing Microlectron process specifica-
tions. Quality requirements for the finished product were de-
tailed in a recommended procurement specification which is

included as part of this report.

Contract Results

The contrect objecti rs were met for 31l rating values with the
exception of the 1/32 amp device. Although experimental quanti-
ties of 1/32 liwiters were produced, the vield was lcw and the
reliability unpredictable. For this reason work on the 1/32
limiter was discont{isuad. Microlectron will continve develop-
ment of this device on cowmpany funds, and should production feasi~-
bility be demonstrated, test dats and samples will be forwarded to
NASA.

The resistance of the limiters varies from 23.0 .hms for
the 1/16 ampere to 0.022 ohms for the 5 ampere. This represents
a decrease in circuit resistance from values obtained on NASA
Contract Number NAS 5-2780. Microlectron will proceed to manu-
facture stock quantities of the limiters specified and off-the-

shelf deliveries will be cbtainable by July, 1964, Routrig #

P2 AR R IO
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Purpose
The purpose of this contract was to modify standard Microlectron
current limiters to meet & 1 second time to clear at 200% of

rated current. The rating categories to be modified are as

follows:
1/32 amperes 3/4 amperes
1/16 amperes 1 amperes
1/8 emperes 1 % amperes
1’4 amperes 2 amperes
3/8 amnecres 3 amperes
1/2 arperes B smperes

A further purpose, undertaken by Microlectrorn, was to write a
suggested procurement specificarion to establish a basis for a

military specification for this type of devica,
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Conference

On September 9, 1963, Mr, W, P, Jonee of NASA Power Sources
Branch, Greenbelt, Maryland, visited Microclectron in Ranta
Monice to review progress and discuss proble~c apcountered

on the contract. Microlectron agreed to run a series of tests
to determine the effects of momentary overloads on the limiter
characteristic. It was agreed that the tests would be con-
ducted at a 60 cps rate with a 0.125 duty cycle and a peak

pel g amplitude of 0T of rated curcent.




4.0 Narrative and Data

4.1 Design Considerations

The detailed specificatiops of the limiters to be developed un=-
der this contract are to be in every way the :z2we 23 siancard
Microlectron limiters except for the one second time to clear
specification. This requires the design objectives to be speci-

fied in 4.1.1 and 4.1.2.

4,7..1 Electrical Requirements
Z.7.1.1 0 Time to olocar: Aeuweon 2.4 and 4.0 seconds o JTD,
ol Time-Curvent Toxves:  Loatrol polois to pe estadlished =t 207,
30

C

U end 5C0 percent of rated current in accordance with limiters

developed under NASA Contract No. NAS 5-2730,

4.1,1.3 Resistance: To be kept as low as possible.

4,1.1.4 Temperature Ceefficient: 2500 parts per millicn per “C.

4...1.5 Load Life Stability: Deviarion of voitage drop resdings
vefore and after 163 acurs load 1i{fe to De leoss than s percent.

4,1.1.6 Momentary Overload: An additicnal requirement under

this contract is that limiters should rewain clectricsiiy intact
after momentary overload tests conducted at (0 cps with a 0.125
duty cycle and a peak pulse amplitude of 200% of rated current.

4.1.2 Mechanical Requirements

L.1.2,1 Configuration: To be as specified by Microlectron Dwg. No. A25041.
4.1.3 Fabrication
The fusible element of a current limiter is manufactured by print-
ing a8 cermet conductive film on a glass substrate. Silver ter-
minations and cermet element paths are silk screened on the sub-

strate and securely bonded by firing at high temperatures.

L T g



Tahrication {(Continued)

-4

he fusible element 15 protected by a glass coating., Wire
leads are then soldered onto the silver terminations and the
cody of the device is encapsulated in an epoxy molding com-
pound. The configuration of a completed current limiter is
shown in the appended procurement specification, Microlectron
Drawing No. A25041.

The clearing characteristics of a current limiter are
dependent on the geometry of the fusihle element sud {ts re-

.~ T PR
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t is necessary o 0

]

s

the elewent to & designated value for each type cf limiter be-
fore the glass insulator is printed over the element. The
special problem of making the neressary resistance measurements

curing these operations is descrihed in Secticn 4.3.1,

S R RN e



o~

4.2.1

Tochnical Approach

Gengral Design Modification

In the initial steges of the work on this contract, the design
of Microlectron standard production current limiters was re-
viewed tc determine what design modifications were required in
order to produce a limiter that would meet the objectives of
the contract. It was decided that the ares of the fusible
clement £ilm needed increasing slightly.

Teat eilY soreens were made for various medified element

arveos, avd sevorsl o exnerimental grouss o current limiters were
manufacturved.  Trom the reswlre of clearing rime tests on these
imiters, the correct value of element area regquired te produce
a current limiter witris the desired characteristics was determined.
The particular dimensicns selected for the fusible element were
adopted as standard for all limiters developed under this contract.
The last stage in general design modification was to de-
termine the resistance versus rating curve for limiters :having
the modified element geometry. To achieve this, several groups
of limiters having element resistances spread in the range 0.020
ohms to 30 ohms were manufactured. The various current ratings
of these limiters were determined by measuring their time to
clear for different overload curreants. A plot of resiséance
versus rating achieved in this way is shown in Figure 1, to-
gether with the similar graph which was projected from the re-
sistance values of the 1/16, 1, and 3 empere limiters previously

manufactured by Microlectron. It will be seen that the resistance

JRUY T
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4.2.1

4,2.2

General Design Modification (Continued)

of the newly developed limiters is little changed for limiters
at the low current end of the range (1/16, 1/8, 1/4 ampere), but
8 reduction of up to 30% was achieved towards the higher curreo-
end of the range.

Individual Design Modificatiop

Using the resistance versus rating curve described in 4.2,1,
the anticipated value of the fusible element of each type of
limiter categorized in Z.1 was determined. 7The bulk of the

woern pericrmed under this contract wse in moedifying el zoent

b~

mateorizl formulatrion and condueting taste rto serify rbtat the

rr

resulting limiters possessed the required clear time characteris-
tic. This involved manufacturing test groups of limiters having
the anticipated correct resistance and then messuring their rating
irom the time te clear values., Where necasceary, further tests
werce run to establish production specificarion< for asch device.
When the correct resistance value for each type of
limiter was determined and verified, the process specificaticns
for the 1/16 amp, 1 amp and 3 amp limiters were revised tc cover
the new values.
Development Testing Method
Determination of Ratinp

In order to determine the current rating of a uniform group of
limiters they were evenly divided into four sub-groups. The
various sub-groups were subjected to different current overloads

and the rtime to clear for each limiter was measured as described

i

b



b

Proslems and Sclutions

Resistance Measurements

As the majcrity of the limiters have resistances under one ohm,
measurements had to be made with extreme care in order to main-
tain measurement accuracy. After considerable experimentation
with measurement techniques and devices, the Keithley Medel 503,
Milliohmmeter was selected as the best instrument for production
use, This instrument uvtilizes a four-terminal measurement tech=
1102 and h&S an overaii accuracy of

Ihe o 4dmp Limiter

This valve was successfully modified with the desived characteris-
tics but duripg tosts mede at 1279 averload the :tarmination solder
melced and was {orced tbrough the envapsulant., This probler was
solved by the use of 7 righ femperature solder with a reltirng puin:
in excess of that encountercd whoen oscratiecg the Zevice under the
abnormal condition of leng=term low overlosd.

The 1/32 A-p Limiterx

DPifficulty was encountered in modifying the element formulation for
the 1/32 arp limiter. Resistance tended to be unstable with conse~
quent low :ields and poor reljability and it became apparent that
an improved formulation would have to ve developed to make this
device a production feasibility. As this mean: emcarking on a more
extensive program than that covered by the terms of the contract,
no further work was done on this value. Microlectron plans to
start this work later in the year and when production feasibility

has been demonstrated, sample parts will be forwarded to NASA with

supporting test data.

-10~
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4.4.1

4.4.1.1

i~

;\
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Descripti-n of Tests and Equipment

Resistance Measurements

Two resistance measurement techniques were employed: a four-
terminal measurement at low current and the calculation of
resistance from voltage drop measurements at rated current.
Unloaded Resistance

The instrument used in meking the low current measurement was

the Keithley Model 503 Mill{iohmeter. The maximum current appiied

was 3 williamperes; maximem dissipation was 9 microwatss., Ace
curacy »f measurement using this apparatuve vas ~o 7 0w than
f aor

- Lies

Yoltage Drop

A group of limiters to receive voltage drop readings was con-

nected in series to a8 current-regulated DC power supply which

-

paessed rated current through the limitersz., =% srsbilization

e

period of 15 minutes was allowed for the Timiters te vcach a
srate of thermal equilibrium. The voltage drop ascross each
limiter was then measured using test probes attached to a

Hewlett-Packard digital voltmeter. In making these measure~

n

ments, the test probes were placed as clcse to the btody o
the limiters as possible, in crder to eliminate errors due to
lead resistance. Also the test prohvesg were of low masz io
order to avoid disturbing the thermal equilibrium of the
limiter a2s the measurement was being made. Accuracy of this
measurerent was within ¢ 2%. The test circuit is shown in

Figure 2,




2.4.3

Load Life

To test electrical stability all limiters were subjected to

148 hours of continuous operation at DC rated current. The
iimiters in each rating group were connected in series to s

DC regulated power supply adjusted to supply rated current.
After one hour of operation to allow the limiters to stabilize,
voltage drop readings were taken. Readings were agein taken
at the end of the 168 hour pericd. Percentage deviation be-
tween these readings was less than L8 for all rating values,
The circuit vsed for ¢ is rest was the same as *hat used for

rage drop readings (See Flgure 2).

The test circuit used i3 showm in Figure 3 and consists es-
sentially of a 48 volt battery power supply capable of daliver=-
in, short circuit currents up to 200 amperes for short durcticans,
The battery output was connacted to the limiter under test
through an ammeter, a mercury switch, and a8 resistauce decade,
The clearing time was measured by means of a Hewlett-Packard
Model 523C/D Electronic Counter which was started and stopped

by the current pulse applied to the limiter,

In operation, the point at which the limiter was to be
inserted was first shorted out by a standard resistance equiva-
lent in value to the limiter resistance. The current was then
turned on and set to the desired overload value by adjusting the
resistance decade. The current was then turned off and the

limiter under test substituted for the standard resistance and

A el
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.4.3

&

4.4.5

Clearing Time (Continued)

The counter re-set to zero. The mercury switch was closed and
the current flowed in the circuit until the limiter cleared.
The voltage pulse developed across the decade rasistancsz was
used as a stop and start signal for the counter so that the
final reading on the counter was an exact indication of the
l{miter time to clear.

Momentary Overload

A gquantity of twenty-five (25) current Ii-iters 2! 1,;!¢% [mrere

retirg wes suviected to memerftery overleoad tamring

3

for a period
of £ifty (50) nhours. The limiters were connected in series to
a pulsed constant current generator with a square current pulse

of twe (2) milliseconds duration at a 60 cps repitition fre-

quency. The amplitude of the pulse was zdjusted to 200 percent

b)

of the current rating of the limiters under “oot,

4

Case Tempexrature

Three limiters having the highest volrage drop readings after
load life were selected from each raring category for cese
temperature readings. A West Instrument Corporation Model B
surface reading (low mass) thermometer was used in the test.

The three limiters selected were connected in series to a power
supply and their rated DC curreant was passed through them. The
current was allowed to flow for fifteen (15) minutes to ensure
that the limiters had reached their equilibrium temperature.

The surface reading thermometer was then used to find and measure

the maximum temperature on the case of the limiter. Care was

-13~
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Temmerature fContinued)

raven to mnsure that che equilidrium temperature was as high
as might rermelly occur, This was done by mounting the lim

by its lecds as far {rom the case as possible in order to re-

duce heat conduction turough the leads., Tosts onducted

w
g
]
*y
44
[}

r . . o
in still air at 25 C

.

-14 -

N IO



i

tion of Test Data

-
“
3
oy
S

Trad Life and Stah{ility

Sixty limitere from cach rating category underwert 1nad 11ife

rasting for a norind of 16% houre, The voltage drop readines

rh

taken before 2nd after load 14fe for each croup of limitars

are recorded in Tables 1 to 11, together with the calculated

percentage deviation between the two readings., Maximm de-

=)

o

viation was # 57 and the averege ¢ 2%. The average values of

3

2T caded resisizaer a-7 re~i{sta-a~ vnder rated current together

e cglioalacad parcent derinition are shown in Table 13.

Cilearing Choracteristics

The time-current relationship for values 1/16 ampere ta 5
ampere inclusive i <hown In fhe form of an envelope in

Freure &4, This envelope shows the sprzaad of clearing time Ifor

-4

all ratings. The individuval clear time values at each specified
overload are shown {n Table 12.

Resistance

Redyction ~f Besistance

A considerable reduction 4in nominal resistance was achieved
for all rating groups of ii{miters other than the 1/8 and 1/16
ampere limiters, The resistance values of the limiters modi-
fied under this contract are compared in Figure 1 with the
values projected from the 1/16, 1, and 3 ampere limiters de-
veloped under contract NAS 5-2780. It was not found possible

to reduce the resistance of the 1/8 and 1/16 ampere devices.

-15-
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4.5.4 Momentary Overload

Current limiter resistance was measured before and after the
2007 momentary overload test descrioed in paragraph 4.4.4,
There was no change in resistance as a result of these tests
and when fired, parts met the clearing time characteristic
shown in Figure 4.

4,5.5 Case Temperature

The maximum case temperatures are recorded in Table 13, The

) . L0 .
ranze of tempersture salues was from 3530 O, for the 1/16
z P

- Fal

amnere liefreve to 180 C. foxy thae 5 smnere Timiters,  The
il

Tezdines were fa2ken at & rooem amhient terpersture of 250 2.

-16~



4.6.1 Brocrrical Telfahiliry

The tests conducted on limiters undoer this

have damonstrated that:

Resistance shows no apprectable change

and provious

as a result of

continuous or intermittent loading with curreats up

to rated value,

Clearisg characteristics deviate by no more than 4 10%

Ied

Ps

of sper

. 5
Resistance aftar clearinyg exceeds 10

Morhanical Reiiability

Microsectron curreat limiters of

fied curreat overload for s given time to clear,

Megohms.

identical aavsicel construction

nava pagsed jualification tests to the following speciffcations:

Temperature range:

Lead strength:

Shock:

Vibration:

Acceleration 100 g along each of the six orthogonal axes.

-17-

-330

C. to ¢ 125° <.
Grester than 2 pounds in an
axial direction.

100 g for 11 milliseconds

(Operarad with rated current)

5 to 50 cps, 0.4 inch double ampli~
tude.

50 to 400 cps, 10 g rms

400 to 2000 cps, 15 g rms.

IR S
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4.6.3

4.6.3.1

4.6.3.2

(9%}

Price and Deljivery
Price:
The following prices are common to all types ! P300 current
limiter:

Quantity:  30-49 50-99  100-493  500-999  1000-499%

Price: $3.85 $3.81 $3.76 $3.64 $3.59
Quantity: 5000-9999
Price: $3.55

Delivery:

It <3 planned te stock all values from 1/16 amperes to 5 amperes.
This will be accomplishec over a period of five monthe ending in
July, 1964 Prior to that period
ply.

Acceptance Testing:

All lots will be tested according to Microlectron Specificativn
Nunber AZ2RD43. 1f requested, two copies of the certified Acceprance

T

es” Data will accompany each shipment of 300 pars. or more.

-]8=



5.0

Conclusions

The work accomplished on this contract demonstrates that a line
of limiters with values from 1/16 amp to 5 amps can be manufac-
tured with closely controlled firing characteristics, in line
with the values previously developed under NASA Contract Number
NAS 5-2780. These limiters are relatively {mmune to & wide range
of environmental conditions, as detailed in the Appendix of this

report.

The Limiters will aot cpp- or <dezvade when subjectsd to the over-

;

>

&l conditions covered by the area to the left of the firing

[

time envelope shown in Figure 4, and will oren Jor overlcads with-
in the area of the curve. In their application as protection de~
vices for power sources, they will not open under transient over=-
loads, but will give power scurce protection under longer-term

overloads which would damage or drain the power sources,

The current limiter is not critiecal with razard to moomting, but

lead length should be held as short as possible to hold circuelt

resistance at a mini{imum.

The prime objective of the contract was to modify existing limiter
designs to provide a range of values from 1/32 amp to 5 amps.

With the exception of the 1/32 amp limiter, this objective has
been sccomplished. Work on the 1/32 amp device was stopped when
it became evident that the existing processes and materials were
not capable of producing reasonable production yields or predict~

able reliability. A research program will be started later this

-19-
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5.0

Conclusions (Continued)
year on Microlectron funds, and when production feasibility has
been demonstrated, sawple parts will be forwarded to NASA with

the supporting test data,

A second objective was to reduce the overall resistance of the
three values previously produced by Microlectron. The resist-
ance of the 1 amp device was reduced by 237, the 5 amp value by
8% and ro reduction on the 1/16 amp device. Other values de-
velcped showed reductions in iine with the three bassic values.
It should be nc%ed rhat resistance reduction in the low curvent

Lt ey Lem el Wl e we
acéent AT X LA GLga gurrent v

0]

lues, Ffor
exsmple, a 23 decrease in resistance at 1 ampere represents a

power reduction of 60 milliwatte, while a2 similar percentage re-

duction at 1/16 amp represents & power saving of 22 milliwvatts.

Microlectron will proceed to build up a stock of all values and
off-the-shelf deliveries are scheduled for July, 1964. Up to
that time special orders will be supplied on a three-week de-

livery after receipt of order.

-20-
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T?\BLE ‘ (SRR IR B U
cffect of Load Life 1/16 fpperc Limiter

Vol tage Drop at 1/16 fmpere

g,erial

umber gefore Load Life Lfter Load Life % Deviation
1 1.71 1.73 £
2 1.6k 1.63 -1
3 1.70 1.73 £2
o 1. 0kh 1.67 £
5 1.70 V.74 2
5 1.70 1.75 £2
7 1.74 1.78 f2
o 1.70 V.73 £2
S V.72 Y 72 0
P 1,68 1.0l -L
} 1.60 1.3 -4
P [IRSY) 1.6} -
P | =5} .59
i Voo 153 -
: Vg Vi 22
£
}.67 Lo i(‘
S YLid V.70 £l
12 }.oL bl #h
20 .04 V.53 £3
21 1,61 1.6/ A
22 1.63 1.70C £+
i3 i,6L 1. 0On G
iz .00 V.53 -1
5 [ IR 8
20 V. 6D Vo -2
27 1.66 .o £l
2C 1.55 1.56 #1
29 }.60 VLo £3
30 1.67 1./2 43
Averages 1.60 1.061 £
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/16 fmperce Limiter

Vol tage Drop ot 1716 fmperc

fifec { toad Lifce
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Average Loaded Resistance As Calculated
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Tofont of Lozd Life 1/8 rnapere Liniter

K _lﬂ T " Joltag: Drop At 178 Auipere Tt o
Seria :
Jurher . Nrtore Tend Tife | After Load Life % Daviation:

31 1.11 1.06 -5
32 1,10 1.07 -3
33 1.1l 1.06 -5
34 1.12 1.11 -1
.2 1.22 -5
1,08 -2
1.10 Y
1,11 -3
1.08 -5
1.07 -3
1.08 -3
1,08 -3
1.12 -4
4 1.13 1.10 -1
3 1.13 1.10 -3
46 1.16 1.12 -4
47 1.10 1.0% -1
48 1.11 1.10 -1
49 1.12 1.12 0
50 1.03 1.07 -1
S1L 1.11 1.10 -1
52 1.12 1.11 -1
53 1.10 1.09 -1
54 1.10 1.08 d -2
55 1.13 1.11 -2
56 1.10 1.09 -1
57 1.11 1.10 : -1
58 1.09 1.08 -1
59 1.09 1.09 0
60 r.11 1.09 w -2
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31 0,754 Q.75 ' 1
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A4 0.759 0.752 -1

45 0.791 0.783 1
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TABLE 4 Sheet 2 of 2
srfoct of Lood Life 3/8 pancre TAnS eer
- '""301‘553‘ﬁr5§“nt'“§/5 Aasare” T T T
S2:ial
¥y W Dmnoxe Tond Lifa  Dltex ??Qd-pig?. %.D;giatigp
31 0.505 0.509 £1
32 0.512 0.514 0
33 0.505 0. 508 0
34 0. 50 0.50% /1
535 2.506 0. 509 f1
15 3,009 0.513 1
37 Gt 0.5C0 1
pts 0. 611 0. 615 1
39 0. 265 0. 546 i)
20 0. 496 0.498 0
AL 0.500 0.500 a
A2 0. 505 0.506 0
43 0. 500 0. 500 0
44 0. 505 0,106 0
45 0. 494 0,455 0
G 5. 495 0.498 1
47 v, 500 0.502 0
48 0. 502 0.503 0
49 0. 501 0.503 0
S0 0. 506 0.508 0
51 0. 493 0.494 0
52 0. 517 0.517 0
53 0. 501 0.501 0
54 0. 495 0.496 0
59 0. 499 0,500 0
56 0. 526 0.528 0
57 0. 537 0.539 0 :
58 0. 531 0.528 -1 ;
59 0. 509 0.519 2 :
60 0. 498 0. 504 _ A B
avoraqgos 0. 510 , 0512 o 0 i

avercaa Laondod Dusigtoncs i Crlculatsd frem
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L 0.4995 ).506 42 - i
2 0.503 0.514 iz
3 0.50% 42
4 0.563 0.0 42
5 0.508 oL $2
6 0.506 0.5 42
7 o511 0.52) 4
3 g 50k 0.514 ~$2
9 0,501 0.512 2
10 0.499 0.510 $2
1l 0.501 0.511 2 b
12 0.5006 0.516 42 R
13 0.490 0.504 #3
14 0.505 0.530 $5 %
15 0.488 0.498 $2 %
16 0.4:88 0.498 oS §
17 0.495 0.503 42
18 0.483 0.492 $2 3
19 0.489 0.498 #2
20 0.475 0.486 $2
21 0.482 0.492 $2
22 0.523 0.534 2
23 0.490 0.499 §2
24 0.514 0.523 2 :
25 0.506 0.518 $2 i
26 0.506 0.516 $2
27 0.482 0.434 -0
28 0-512 0.515 0 )
29 0.526 0.529 D
430 IR 0506 e o |
: 1
~a &sooﬂ ~ - 0.507 2
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TARLE & sheet | of 2

-

fifect of Load Lifte V\/z rmpere Liniter

Voltage Crop AL 1/Z Ampere

Serial Before Load Life Lfter Load Life / Deviation
Number —
0. 448
0.407
0.413
Ccu:iB

-

L5 ¢l
.409 0
+13 0
416 -4

[G 3N oI ol &

SRS LIV 2 BN R W ]

0.456 C.4t2 £3
0.416 G.410 -1
C.403 L,=03 -
L+
ol S £
.= e £l
T - C
[ 0.l N #s
Tes o.+02 GLeul -0
15 C.~1¢ 7,05 -1
16 2,420 U.42) 2
17 G.=29 .29
e 0,435 G.io g
19 0.L62 PRV AS] £
20 0,415 Lk !
21 U.“‘TZEJ SHRSN /"
22 U.uls i )
23 (J."‘”g (_;';_,) }‘.
24 Q.%27 Uk 1
25 2 41 C.Lh’ f‘
26 O.=1h L.oazi Fl
27 0. alc .09 G
2c C.oo13 O.=17 £
239 O.414 G.416 0
30 G.425 G.427 Y
Avcrages 0.524 0.5426 0

Encineer ;-/{ szpj,&écy\ Date ﬂ/l gr/éff‘




Toble 5 sheet 2 ot ¢
gffect of Loct Life V2 Fmpere pimiter
yoltage prop At V2 FmpEre
Seria\
wumbel aefore Load Life pfrer LOE Cifu A Deviation
e PR ot e /«-——,M,.———

31 g. .kl o.h20 A
0.4V A

33 Q.b22 0.420 ')
G.u20 Al

0 N\

3 Sy “l Y
A o sl G 102 1
37 407 0405 1
- R oo .
5 S Ol fl
pes! __““‘g? q,c‘v-"q‘r E
T . R N
e 0y e ke A
=1 .-t T £l
Z O #
+3 oLRY2 O Fi
5 CLerdt . £1
- sl R -1
Lot oA .. f‘.?
4y Cobe v 9]
L 0.u2) o F2
wO Y £ P
PR GLeitoe e \
53 O_'*?./’ L o= 2
73 S PRO “
e . 55 ol R
52 L O Rty U

]
(]

4.

50 0,413 gLstd
OJQC\ CLA459
0.0} 0.333 »

59 0. L0 G402 o]

6C 0,401 0.338 -

2

Av2rages 0.412 GLule ¢

1
N -

Average Loadecd Resi-tance AS Cd\gu\atcd {rom voltege aecp after
joad Yife Q.50 ohm>-

gngineef 22 Z /?//U{;’Z&%m\ pate 2 1/17 / (2
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Microlectron, fnc,

TABLE 6 sheet 1 of 2

Efect of Load Life 3/4 rmpere Limiter

voltage Drop at 3/4% /fmpere

Sarial
Namber Before Load Life After Load Life % Deviation
} 0.2¢&1 0,285 £2
2 0,342 0.350 F2
3 G.a8) 0.272 -1
+ 0263 0.2¢o -]
5 ol L.aeh D
o Gy 0 Coiel -
; S (oo 8
N 3.303 CLad -1
3 s 303 oy ‘.
T Torad LoJCk 41
Pl NS o -7
12 SO €70 #2
13 GLre] L Q
14 0.505 L 8]
15 S L 2
16 02496 ST #3
V7 0..19 SIS £10
e 0.3t £
E:';. SIS 7. e i
2o (O3 j? pRerd i‘:)
21 .ol oA C
22 .o+ o507/ A1
23 0. .ok L.2e7 £i
24 0.268 U, 281 -3
25 0.302 8312 43
26 0,290 0,29k £1
27 0.291 UL 490 3
28 C.308 €.300 0
23 0.313 0.315 £
30 0.305 v.30/ A
Averages 0.297 0.300 £ ,

Ry

Engineer ﬁPé : M/‘{o/)j//y-\ Date L’/,Z ;il/éé-

BRI HEP TR P eners)
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Microlectron, (nc.

TABLE 6 Sheet 2 of 2

gffect of Load Life 5/4 fmpere Limiter

Vol tage Drop At 3/4 fmpere

serial

Mumber gefure Load Life After Load Life ¥ Deviation
5 0.300 0.304 Fa
32 0.230 0.2b7 -1
33 0.234 0.292 -1
e 0.293 0.302 #3
iz £, 265 0.2 -
30 V.23 2,30 ) i
37 6.7202 QLo -1
A0 CL.e3 G.e 1 -1
35 L2 L. 283 -1
40 S e .31 £
o AR AL -
42 [V C.275 -2
43 0.7 0L 50k yn
aly G541 U.3ts 73
45 G.297 0,308 o
46 0,281 G.204 £l
57 0,733 L.3C3 £3
o G.aclh CLoanh #)
43 Rty O3 K £
%5 e 0.30: 43
0 ST Tl A7
52 SN o236 F2
53 0.500 0,309 #3
54 0.s501 0.51% £5
55 0,269 0,301 £
56 0.231 0,294 Fi
57 0.234 t.29/ £l
58 0.285 0,283 -1
53 0.299 0.266 -L
60 0.293 0,362 £3
Averages 0.293 0.2%7 £

Average Loaded Resistance As Calculated from voltage drop after
load tife 0.357 ohms,

Engineer DZ Mg{pjbéws Date 2/18"/64
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erder 0 Doefors YonAd T4 fa Af~oar ord Life ~ Daviaticon
31 0.272 0,064 -3
32 0.230 .72 -3
33 0.267 0.250 -3
34 0.274 0.266 -3
35 0.2/3 0.266 -2
36 D..87 0.279 -3
37 0.267 0.260 -2
23 0.287 0.280 -2
39 0.273 0.264 -3
AQ 0.270 0.262 ~3
41 0.282 0.074 -2
42 0.269 0.260 -3
™ A3 0.278 0.220 -
44 0.305 0.295 -3
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5 Q.23 0,277 -3
47 ST 0,230 -3
L3 9.293 0.299 3
49 0.299 0.294 F2
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Sy 0.277 norTe 41
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53 0.270 0.272 A1
54 0.290 0.289 0
55 0.301 0.304 0
56 0.280 0.281 0
s7 0.302 0.302 00
58 0.300 0.302 1
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L1133 0.184 =4
L 192 0.186 -3
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TABLE 9 sheot 2 of 2
negect of 1004 Life 2 Lan2re Liniter

B —yeltye prop bt A 'fiﬁ‘sééié"'”"‘ T -

serial

e netora oot oo NIRRT 1oad Life v, paviation
(92 0,196 0.191 -2
32 0.197 n.193 -2
13 (.199 3,10 -2
24 Q0,204 3.133 -3
25 0.202 0.136 -3
16 0. 198 0.191 -3
37 0,187 0,181 -2
33 Q.13% 0,182 -4
33 G, 185 0.180 -2
40 0.1iv9 0.133 -3
41 0.190 0,186 -2
42 0.191 0.185 -3
43 0.193 0.188 -2
44 0.195 189 -3
45 0.195 0.189% -3
46 0.202 0.1%6 -3
47 0.263 0.195 &
48 0.245 0.199 -3
49 0.19% 0.189 <3
%0 0,202 0.196 -3
51 0.206 0.201 -2
52 0.196 0.192 -2
53 0,206 0.199 -3
sS4 0.195 0.189 -3
55 0,205 0.199 -3
56 0.193 0.184 -4
57 0.187 0.181 -3
58 0.187 0.180 -3
59 0.188 0.184 -2
60 0.190 0.184 -3

-—?mmww' ‘__-.Mw.—-',_,_——"__———-‘——’—-——”‘”"'—"
Averages 0.196 ,_.,...*—O—EL M/”j,_.__—-
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Dwerage Load2d 2R L 3hance Hs C-:lcul:)i:ed from
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TANRLE 10 Shook L of 2
E¢izct 0f Lond Life 3 amupore Lintter
voltage Drop At 3 Amnare

Sarial ;
SieSer  Patosn Tosd TAfe | dftor Tead TAZe % mew!silon. :
1 0,182 0.180 -1 ‘

2 2.179 0.176 ' -2

3 0.181 0.178 -1

4 0.130 0.17% 0

5 0.182 0.179 -1

3] g.178 0.177 0

7 2,183 N, 131 -1

3 0.177 2.175 -1

9 Q2,182 0,150 -1

i 10 0.181 0.179 -1

11 0,180 0.176 -2

12 3.176 0.173 -2

13 0.182 C.179 -1

14 0.175 0.174 0

15 0.174 0.174 9

L 3.13%4 0.179 ¥ -3

17 G177 0.177 0

i8 0.184 . 182 -1

19 0.175 0.172 -2

20 0.177 0.175 -1

21 0.180 0.179 0

22 0.183 0.181 -1

23 0.175 0.175 0

24 0.179 0.177 -1

25 0.189 0.1838 0

26 0.189 0.139 0

27 0.184 0.184 0

28 0.184 0.184 0

H 29 0.180 0.178 -1

.30 0.178_ R 18 ¥ L S -1
Avorages 0.180 0.}?9 i 0 :
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TABLE 11

gffect of Load Life

5 Ampere Limiter

Voltage Drop At 5 fmperes

Serial
Number gefore Load Life

$.160
0.1506
0.155
G.152
0.165
0.153
0.154
g.15°

C.i59
P

B TR IR« AL B VOl g

C R

Y o Y
\,
RS C.ie0
15 Q,1u7
16 UL 145
1/ 0, Vb
EES) CLvns
12 IR
20 150
Z1 0155
L2 RN
23 RS
24 Gulae
25 c. 151
2€ g 146
2 o YLS
2t G.i93
2¢ Jhas

(VS
pas
< O

2153

oS4

Averages 0.151

Er jineer /22 ﬁpéMﬂ

After Load Life

0.162
0. 160
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TABLE 11

Effect 0f Loed Ltife

voltage Drop At 5

Sertal
Number Before Loud Life
31 0,168
32 G.153
33 0.157
34 Q.14b
35 0.156
36 0.147
By 0.161
36 C. 121
32 G 10
w0 0155
21 0155
. Sk

: Joioa
5 C‘r.%"‘:’,}
© ¢o151
57 0.15%
LE G. 143
L3 G.162
50 0.160
51 c.ise
52 C.YRz
53 0100
Sk 0.159
55 0.162
56 0.164
57 0. 63
58 0.:57
539 C.150
60 0.153
Averages 0.155
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5 pmpere Limiter

/. Duviation

Average Loaded Resistance As Calculated rom voltage drop after

load life 0.031 otms,
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TABLE 12

STiCS ) TINGS
CLEAP {HG CHARACTERISTICS FOR ALL RATH

.

q/NGE OF CLEAR TIME VALUES

PESTRIR
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- e LUV .
R, TG . AT C\jEPLOIAQ
AHPS QVFRLGED YER
i MY
e

n
1 /16 0.4 to 4.0 V-
1

: # 0.C
1/6 G.b to 4.0
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TABLE 15
CASE TEMPERATJRE AND PERCENT dR FRCM UNLOADED TO LOADED RESISTANCE

RAT ING UNLOADED RES1STANCE PERCENT MAX { MUN
(AMPS) RE51STANCE AT RATED RESISTANCE CASE
(OHMS) CURRENT (0:iMS) INCREASE TEMPERATURE

1/16 25.0 26.2 #5 35°¢
1/¢ 7.50 £.64 e 4o’
/4 2.50 3.4 £25 42°¢
3/6 1.00 .26 $26 +59¢

/2 650 €440 #29 7°¢
FI z 17y $37 3%

: o0 “ 5l 52°¢
1-1/77 100 CF s £ 34 57OC
2 270 135 436 ;0°¢
3 045 L0539 #53 94°¢
3 27 031 ¢G ‘:COC

4 . ‘I
ENGINEER P /\ / 7, p/ua/ij, DATE iz;/,’c‘ ?// ¢ (,,L
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APPENDIX TO FINAL REPORT
ON NASAL CONTRACT NO. NAS-534ct

QECOMMENDED PROCUREMENT SPECIFICATION

FIROPRUCISION CURRENT LIMITIRS

MICRCLECTRON SPECIFICATION NC, A 25043

Prepared By: MICROLECTRON, INC.

1547 1&6th Street
Santa Monica, Califoruia
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROCUREMENT SPECIFICATION FOR CURRENT LIMITERS

SCOPE

This procurcment speocificatior covers instrument anc power
i v for tae protection of clec-

Lype curvent bimitors Jdus
Lrical wne cleciroeic cyuipment ond 15 reguireg for componenls

Pune

Tor wpico ne mibitary o auvirsmenial speciiicotion fas Dused

STYLE, LYY oooroenn Domilers iornisned unded 15 wpuCi-
1 i(:uti‘;):»p o \,1:, ‘( i\t,‘ N1 15\”%.(‘;‘0 }J)f the ‘)L‘,}L‘ niDe F P'_’)J\:'.

RATING. All current limiters furnished under this spoui-
fi.ation shall have a volteye rating of 3z volts. Tre curiont
rotinag shall be in one of tie following categorivs:

b/32 sanp $ih amp
P/le o ; e
e amp s

1/a cmp L arp
3/c  omp L ump
1/4  amp 5 amp

APPLICABLE DOCUMENTS

MILITARY SPECIFICATIONS

MiL-1-10 {nsulating Materiaels, Electrical, Ceremic, Class L
MiL-386! Wite Lcads
MIL-STD-1uU56

AQL Sompling Plan

These documents, of the latest issue in effect, form a part of
this procurcment specification only to the extent specified
hercin. In the event of any conflict between the documents
li-ted and this procurement specification, the latter shall
govern.

T ey Y B
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3.5.1

3.3.2

3.4

3.5

RECUIREMENTS

CUALLIFICATIONG Current limiters furnished under this
specification shall be a product which has passed the
qualification tests specified in the test paraygraphs
listed in Tuble | to the sotisfaction of .the re-
quirements herein,

MATERIAL. The material for eacn part shall be as specified
nerein, When a definite material is not specified, a suit-
able material shall be used. Acceptance or approval of ary
constituent material shall not ope construed as a guaranty
of the finished product.

CASE OR BODY MATER{AL, Current limiters shall have case of

Stycast opoxy of an eguivel ot material mes line e overall
recuirument . of tois specific.tion,

CURETNT gpmovivt T (Uxcont current bimiter element)
Torrotil cLrrying porls Sholl a0 ot neess, cupper, phosdhor

sranso, Lilver, berylium topper, or weldable olloys.

NON-CURRENT CAHRRYING PARTS, Al metai non-current Carrying
parts shall be of corrosion resistant c;vrle, or material
adequately orotecte d against corrosion

DESIGN AND CONSTRUCTION, Curvont limiterse shall be of the
design, con truction and physical cimensions specifiec ip
Microlectron Drawing No. A-25041,

FUSIBLE ELEMENTS. wnen more than one fusible element is
used in parallel to provide required capecity, =11 elements
shall be of the same rating, compowition, «nd rosistance,
LEAD WIRESL, Where lead wires ove uscec, trny Pa | ne of the
length and jauge specified in Microleciron Jruwine

No. A-25041, Unless otherwise specified, leac wires shall
be hot tin dipped.

VOLTAGE RATING. The voltage rating is the maximum nominal
direct current or the peak alternating current voltage for
which a current limiter is designed. The voltage rating
shall be 32 volts.

CURRENT RATING. The current rating is the nominal amount

of current a current limiter will carry indefinitely with~
out blowing. The current rating shall be as specified in

Microlectron Drawiny No. A=~25041,




3.6 RESISTANCE,

3.6.1 RESISTANCE BEFORE CLEARING, wWhen measured as specified
in L.5,Z, current limiter resistance shell be as
specified in Microlectron Drawing No. A-25041,

3.6.2 RESISTANCE DEVIATION. When measured os specified in
4.5.2, the deviation between the first anc lest re-
sistance mecsurement of all quaelitication tests shall
not exceed *10%.

3.6.3 RESISTANCE AFTER CLEARING, When mcasured as specified
in L,5.6, resistance after cleering shall be 10 megohms
or greater.

3.7 TEMPERATURE COEFFICIENT OF RESISTANCE, Whoen measured as
specified in 45,3, tomperature coefficiert ¢f resistance

shall ant eoxcoed 7500 pop.m/~0.

RS DIELECTRIC STRENCT=., When tested as specified in 4,510
ChLS5 1) current Himiter, sncll not show wny signs
vEodem U, oreing, oF broas sover
5.7 CURRENT CARARYING CAPACITY
3.9.1 LOAD LIFE, Current limiters shall undergo ¢ period of

16& hours lood Yife testing at rated current ~itn re-
sistance moasurements made ol stert anag tinish of test.
(sec L.5.4)

3902 DPMAGE. Currvoat Vimiters wiell sa0w no evidence of
mechanical damege or fatiure nor sboeil the case, body
or terminol tempcroture rise more taan leU C above
ambient air temperature at any time when the limiters
are tested as specified in 4.5,4,

3.3.3 STABILITY. Current limiters shall show a resi:stance
deviation of less than ¥ 10 percent between resistance
after temperature stabilization and resistance after
168 hours load life, when measured as specified in
4.5.4 and 4.5,2.1., The repectability of voltage drop
readings taken as specified in b4.5.2.1 shall be #1%
or better,

A
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3.11
2.2
3443
3.14
3.15
3.16
3.17
3.18

CLIARING CHARACTERISTICS. When tested 9. Lpcciiied in
G4,..5, current Vimiters shell open the circuit within

the clearing times spucificd in Toble V., Current Jimiters
shall clear witnout causing plastic bodies to char, or gless
or ceramic bodies to fracture. The circuit shall remain
open without restrike afd therc shall be no mechanical
failure,

SHORT CIRCUIT. Wwhen tested as spocificd in Paragraph

L,5,7, current limiters shall remcin ivtact cne abold

open the circuitl without excessive arcing. Tae current

Timiters shell remain in the energized circuit for 2 minutes

with no incication of restrike, Rusistance ofter firing shall be
at least 10 megohms (see Paragroph 4.,.0). The current

limiter body shall not rupture and terminals shall not be
shunted, Current limiters shall not emit any flame or

molten metel, and shall not rise in lemperaoture more than

1207C above ambient temperaturce,

VTURE RANGE,  The oporating rani T Do,
Copproduye Jor o oi i Uynes b cerr ool e lor ~

M

THERMAL VACUUM, Wwhon testoed as specificed in 4.5.8, 4.5.0.1,
and b._.o.2, current Vimiters Shatl not foil to pass the

specified tests Lo ohe reguirements ot 3.6.0, and 3.11
and shall not show any signs of mecnunical womase,

HUMIDITY. When tested as specificd in 4.5
Timitors shall show no evidence ol corvoss

doma e oot shadl oot exhibit @ resisience o

than £ 10 prorcent.

MECHANICAL STRENGTH. When tested as specitied in &.5.11),
4.5,12, 4.5.13, and 4.5.14, curvent timiters snell snow no
evidence of mechenical damoge ond shall not coenge in re-
sistance by more than ¥ 10 percent,

MARKING., Current limiters shall be marked with current
and voltayce rating and the style number P-300, as speci-
fied in 1.2.1, and 1,2,2. Marking shall remein legible
after completion of all Lests reqguired by this speci-
fication,

WORKMANSHIP, Current limiters shall be processed in such
a manneras Lo be uniform in quelity and shell meet the
requirements of 3.2 to 3.3.2 inclusive, 3.17.1 and

3.16 as applicable, and be free from other defects that
will affect life, serviceability, or appearasnce.

SOLCERING. When soldering is employcd, only substantially
non-corrusive fluxes snall be used unless it can be snown
that corrus:ve elements fiave been satistactorily removed
after soldering Al excess flux and solder shell be re-
moved after scldering.
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L.3.4

QUALITY /A SSURANCE PROVISIDNS

CLASSIFICATION OF TESTS, The tests conducted on current
Pimiters siall Se classitied as tollows:

Ao Dualificotion Tests., Qualificution tusts are
those tests asccomplished on semplos submiticd

1

Tor guelitication as o satis! Lo, Drocnit.

B, Acceptance Toests, Joceptance Llests are gccom-
plisned on current bimiters manutactured and
ready tor deliver,.

STANDARD TEST CONDITIONS, Unless otherwise specified,
atl pesasurements ond Losts >ned ! Do mave ot &0 Lo 520 C.
GMDELnL cimo=pheric prosywuie, and ambiont humioLi oy

i

TEST ECQUIPMENT AND TEST FACILITHIES . 7. -t oo 2wt oond
test veciiitios woaid Do of Leftaciens oLy 4 o mw coolily
PO DL portorme NCe L T rouioe Los s, T e ~unplior
b et e vqaate sl ation o Losl eguiprint Lo

N S S L. Saal T i,i;r e Cous Lo

QU LIFIC/ TION TESTS,

SAMPLES . S.mples submitied tor gucelification anpprovael

>he bl be representalive o the motor: by ond process- oS
uged din b menutaCiare of curvenst oo iors T ore
urder ot s Lpeciticalion, Urless OLoo wse s oui ied,
Gulo ol U ampies b motai sl Gf s aReCimens OfF
O L B I I AT

TEST RKOUTINE Lorpte currert bimiters <hell be sob ccteo
Lo tne cuclidicotion toest on Lae O gy soown in Toble 1,

After complction of the Group | toosls, Uie specimens will

be civided into the remaining groups shown i To 1,
and subjected to the tests for ihoir porvticuicr _oup in
the sequence indicoted. The remoining 2¢ sarples snali
be shipped for customer inspection.

TEST DATA. Each current lwmiter tested shall be accom-
panied by test dala coverinj the lests listed in Table |
which have been pertformed on the unit, All test gata
snall be provided in duplicate,

CERTIFICATION OF MATERIAL, When submitting samples for
qualitication, the supplier shall provide certitication
in duplicate that the materials and processes used are in
accordance with the applicable specification requirements.

+

in eny ¢f oooopplicable goolitication tesis may de cause
tor rofuse! 1o grant quolitication approval.

AU LI TIC, TION TEST FALLURE, Failure of any current limiter
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ACCEPT NCE TESTS. rcceplance wesins siabl o pertormed
by e suppiser and cerlified Losts resdics torwarduu

wi bl eacs shipmont.  ACC Pienice tusis chodb o vonsos ool
the Gioup v wnd 8 tests listes 1 Tabios g 1L

ACCEPTANCE LOT. As 1ar us pruciicel, o ctciptance fot
snall covsest of uniis O w siv.ic LyPe wind sice Wi
nave deen Motuwiaciored wnder cossoriia bty 1Oe sane O -
S lrons.,

GROUP A TISTS. Group A tests snail corsy st of ine
Ltesis fisteu in Tadle . Troy sacli o0 peciurmes on

Loe salie sob 01 safPies i Uite widet sowve o No dot

snaltl pe cons dored d\,CLpLuDic PloOee Ul lerer onCe o
Giliwas OCCur G pere Liraes o Dotoenl b oie ety Lested,
(i.'».f., TN NS ES SN AU EUALHE S R S N N & wi bl be

ancg) .

“eafin A T T -
S OUF G RSN soe b boCC s ‘ IR TE R R

Sl ot bl
SoRPLING PROTTBURE L L e L Teb e
et donie e vl Table V. Toe poam S Do cacsen
fooh Lios. wWoion iove pusned oo Sroop oo oo o Tiio
nembor o ol ros ne abdoor L Lo i Do Cumined
tor tho ¢ Loedu wteepios e ond b gl tion
nombers o) R LTV ) K
SIGPOSITION OF SOMPLT JMT L, SemDies o Ve Ut
AuDveted Lo Group B tusis suodd oaoe oo o bivered onone
Cofrlresu b 37 gy,
TEST PROCEDURES,
VISU-L AND MICHAANICL INCTIOTHON,  Fusos o o Nai e
Lo vetit, ot metlrrols, e GO OGS L LG LT SR s
Mt B, ctid SO edioDsiip o 3D coCurdenCe Wi D Seohaue oy

u?‘ld j]t

RESIST NCE BEFORE CLEARING, unlouwdeu resisionce Fresure-
penls =nall Do fade a5inyg o Four termiticd melnod OF measure-
mont, with o cacrent of less than one tentn (/v of tne
Foled cartent ol tre Dimiter.  Voltaye contucts shati be
Gltachvd Lo thne currenl amiler foads doss Dot oL do INcnes
trom Lae bimiter cose.  Tie oversli measvoament gccuraly

Sshail b plus/minus 4 vy butier.

VOLT GE DROP. D.C. current withii plus/minus 17 of ine
reted curreint shall pbe passcd tirougn Lhe finiiers. After
6 silosilization period of fiteeen {(15) minutes reagings of

: DU token using &

voltaue Urop across Lite « Frirs stial
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EMPER/ATURE COEFFICIENT. The tGipuioioee coetficiont siall
Do determinca by mussuring resiLstusee (Sev w.5.2) oL -ul"Y o,
-15Y €., room attbicnt, anag plus 1250 C, Temperature
coeflicinnt from room ambicnl Lo coch ol lhese thrce spec -
Licd vaiues snicl!l be colculated.

CURRENT CARRYING CAPACITY, The currert iimit _rs “hel) de

mowvoled S, Lhoir dedus and saboocteu Lo oCLrech corrent of
e reled current valae.,  The Cuvrent snoil Do itcinlotied

for ~o tus. Uhon 100 hours Glier Lthe Lamp.raiure 0i cod
Curvent iariier nas stabitized. (It ha, Do assumed Lot
tne leppercelare tas stobilized when readings Lasen ot il
minule intoervais indicate 1o Fise wiltiin pius/mings o
of the ombicnl air temperature). Aflor temperalure stubi-
bization und ot the end of the barc-in period (Iue hours),

resistance sholl be agetermined o, mecsaring e voilave

dron cotuas e Lo et binlter v e oo, 0 b0 noroei b
Qe C,owt YL U

OVERLCAD ZLWITG TOST PROCEDURE.,  Current binslers soal b

SUD ool e Lol pereenlone ol Foleo Cotres Lospee tieg
TQJiL' V. Tive v i’l’x‘(j Coulb L ‘,n';‘,z]v [STEIN J:Jl ced o as oo STy
GUCUion Wl g rise citee b ol creetor Lhan oL U0uui sk

Bo oot supply shal i Pave oo Opot CHECui L VO Laie

fodllaye Toting

T
WELER P LT as L opercen il Of L
}

ol the brmlev undor tost., The oo R Y T
tested snoetl be evenldy diviaged for foo voeiious over 10cUs
WROR MO (el ONe Overioee fogur moliel 4 wpoC bivd. T
LO Cleut secsuraments shal i Do Gcasoros Darig ol ciocclronic
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SHORT CIRCuUIT. Current limitors shoals bo subj2clel o o

tesl using o 5u volt leag-asia volier . The

p—

SNOrL Civetd
SPOrt circull current shall be in excess ol loulf o ne
of the Timiier and shall be calceulates trom

~

reted curre
g medsur.nent of total circuit resistance.
THERMAL VACUUM, Courrent limivors =aol!
therme s vocuum chambor.  Ralis Cuirdil ot rawwed voitaye
shall be upplied to oll fuses. Totel operating test time,
excluding the time required tu ochieve stabitization, shall
be at least 4t hours. This time shall be divided cqually
for Lhe high Lunperature Llest (24 hours) ond the low Lemper-
ature tesi (4 hours). Stabilizelion sholl have opeen
acnieved when the temperatote 'Cylsloered by & felerence
oW plas/miads 2° ¢ of tne

be Disded 10w

thnergoccuple is Meintaiaec

i and low voides specitied DL ow.
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HIGH TEMPERATURE VACUUM, Chamber wall temperature shal]

Se reiscd Lo o temperature such thol the reference thermo-
couple eltoins a stabilized temperature of plus 459 ¢ at

sed dovel pressare. Upen achicving Lomperalure stability,

tne chamber sholl be evacuated Lo o pressure of 5 x 10 -5 mm
Hg or luess. During the period of evacuction, current limiters
shell show no failures, melfunction or vot-ot-iolerance perform-
ance deyradetion. Stable conditions shoil (hon DC re-esLlab-
lished at the above temporature ond mointained for the Solance
of the lest. At the ¢nd of the 2= nour pericd and woile siil
at the tumperolure and pressuve speciticd above, four current
Vimiter samples sholl be subjecled lo the short circuit test
speciticed in Paragraph 4.6.7.

LOW TEMPERATURE VACUUM, At the corclusion of tne high temper-

ature tout period, the chamber woll (oo roors wnsli be
towered o o valuo Suc lnel bhe reeors oo Ln mocowple
Altoims o stabilized (omper. Lore of -a™ F {17 wcessary
Ve ol cromo e prosuar e Lo sed doevel Dressoro ooo T

o Uransulior Trom higihn Lu dow Liiputolure Lo reduce o
Lime period requires Lo oftecl tne temporatlure Change). Whon
temperaiure stability is acnhivved, the chember snall. again be
evacuated to 5 x U =5 mm 5. or less. During the period of
evacuation, tne current limiter <hali show no feilure or
malfunction., Stable conditions sl Lnen e tablished

at the above temperature, ond meinteinos for slance of
the test.  The current timitors snali show no foiiares, mal-
tanclion, o put-of-toicrance portormence G‘;«",!’Q et ion., AL

i
the eng ob e 24 aour period @od wnide still at tne Lomper-

tour current bimiter

JLure ang Pressure specitiled of
samples shall be subjected to Lne short Circuil test spuci-

fied in Paragraph 4.0./.

HUMIDITY., While nonoperative, current ilaiters snall be
subjecteu to a test chamber Lomp roatore i :
tive humicity of 75 percent tor suU nours,
temperature shall then be lowered to «/° € w:ihin one hour
with the relative humidity maintained at 35 percent. At
completion of the test, current limiters shall show no
evidence of corrosion and shall meet specified requirements.

T rela-

CrUOmDor

DIELECTRIC STRENGTH. SEA LEVEL, Commercial line freguency
potential shall be applied Vor not less tien one (1) minute.
Potential shall be applied between one terminal ond the case
or mounting hardware. Test voltaye sholl be opplied gradually
at a rate not exceeding 500 volts rms per second until 100U V.

DIELECTRIC STRENGTH, HIGH ALTITUDE, The dielectric strength
test for nigh altitude units snell be performed in the seme
monner as e test specificd tur sca level units in Peragraph
except Lhat high oltitude units shall be tesieu as
& pressure cqu}vaient to 5 x iU -5 am Hy or less. Tne rms
test voltage siall be 30u volts.

4,5.10,



TERMINAL STRENGTH, Current ligiter sholl be firmly clemped
and a force of 2 pounds shell be cracdually opplice to one
leac al & time along the axis of the leaa.

CENTRIFUGAL ACCELERATION, Curvent limiter shall pe securciy

fastened witrin ¢ centrituge i accordance wiih Sectior 4,151, .}

and subjectled to tre accoelerction of 10u 4. Acceleration

shell be increaseu from zero Lo the specitied value in cpproxi-

mately 2 minutes and heid ot the maximun for 1J minutes,
During the 15 minute intervel, the current fimicer shall have
rated current and voltaye applicd. This test shalt be con-
ducted with acceleration in line wite olt six ortnoyonal
directions.

{BRATION, Current limiters shall be subjected to the sinu-
b Iovibration test ol o 4o oo wds, U.4 inch double cmpli-

*
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Corivnt amifers siabt Do aotios Casnocbted and VIioragalos w

. . . .o . - ) . ) : o o
G iy eyoroted curvent, Fotor oD% oo bscb Lo by sl swd
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MOUNTING. Toc uritls snatl be secured, Tusiemud by normol
mOLN Ly beans. Jnile which ere normoti, sopported by tneir
wire deods snell be scecurcs o oa plore werfoce oy ciemps

or conformel Coolings ond spoecs s0 Lot the len in of csch
lead trom tine un.t shall be coprvoxicately 5/c isch whep

v terminal,

measured from the edge of

MEASUREMENTS. Poriormurnce porameters snall be measured

befors and after vibrovior.

DURATION /ND DIRECTION OF MOTICON, 2 oo Trooooo aT three
mutuaily perpes var girectioss {ootoer om0 hodrs) .  The

ficu
sweep rate shell pe /2 ociove por mine o

SHOCK. The current bimiters shall be mountes by Lneir
normel mounting provisions 10 vach of tiree matuslly perpen-
dicular planes ond subjected to the transicrt decelersting
force produced by dropping tho assembly from a sefficient
height that, when the assembly is decelerated by resilient
impact, o ueceleration of liuy is obtained tor 1i milli-
SEeConds.
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PREPARATION FOR DELIVERY

PRESERVATION AND PACKAGING, Curvent limiters shall be

paCnogud

in a manner to insurc prouteciien from one anctnher

tiet will prevent damage.,

MARK NG,

tne contract or order, unit anc inleris oo

In adeition to ony spucic! morarno o

shioping containers shall be murred (o cive cleer shipping

intformuti

on and the nomencloture "Current bimicertt, and

the appiiwable Microlectron port nuwboer.



GUALIFICATION TESTS

GROUP ! 50 scmples)

Visual and mechanical inspection
Resistance before clearing

Current carrying capacity

Temperature coelticiont
Dierectric strengin
Termi ol etrenath

Short circuit

Resistance afiter clearing

GROUP 3 (20 somples which have passed

Reguiremer L

__Paragrapn

;MGruuQ_l Uq¢£J

we
K.

Humidity

Vibration

Shocx

Centrifugal Accelcration
Overload slowing

Resistance after civaring
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Visual ¢

Qesistance before clearing

Torrent Carrying Copadi’

Clearing

GRCUP A ACCEPTANCE

TESTS

nd Mechanicel [nspection

Requiremen
Paragropns

3.2 thru 5.5.2
5.16 thru >.i0

3.6,

GROUP B ACCEPTANCE TES

Characteristics

Test drspection
Paruyraphs Lueved
“.5.10 1 Q0%
S 1004
~ .0y T 1 (.V) /;
Tost Prvpe ot ion
Po?&g?aphs Leove
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#For lot sizes under 18C, sample sice shall be at the option of

THRBLE 1V

SAMPLING FOR GROUP B ACCEPTANCE TESTS
(MIL-STD-1L5C  ACL C.15% Level 111)

REJECTION NUMBER

SAMPLE SIZE ACCEPTANCE NUMBER
7o
S Q) {}
150 ]
200G
245 }
SCL- /

the acceptance number szhall be 0.

|

the customer and



CLEARING CHARACTERIESTICS

OVERLQOAD

200%

NOTE: CuD

3 CUNALIFICATION TESTS

Siv
IVERLD T Vot

TIME TO CLEAR (Secords)

0.40 1o

GROUP 8 ACCEPTANCE TESTS REQUIRE TESTING T 200,

S50
, \
YL Lts
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EwECTR/ICAL

CHARACTERISTICS

RATING
(AMPS)

§ - e

| MICROLECTRON

PART NUMBER  (TOLE

/?ES/ST'AN cE

RANCE T 20%
(omALS)

l

R300 -32 CURRENT LIMITER

N

‘8 2355-32v - g Ame 25 .00
B £300-32y - '8 4ve 7. 30
| la 2300-32v -V awe 2. 50 :
4 ] e R K
! 3 i 3
8 PAVO 32V -"8AMP 1.00
. NN - f.--.»,__ﬁ_. — —_ ;.'

2 _psoo—szv— Vzw: 0.85
| & 3 ’ -

4 PIDD-32V — "4 AMR 0.35

! P300-32vV — 1 AMP .20

1 P3OO-32V — 12 AMP 9./10

2 PIOO-32V— 2 AMP 3.970

3 P30O32V—3 AMF 0.046

3 P300-32vV—8 amp 0022

AERQD -SPACE GRADE
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